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ABSTRACT 
Capsaicin, the pungent ingredient in chili, produces erythema and burning without 
vesication when applied topically to human skin. It also labilizes rat liver lysosomes 
but does not labilize rat epidermal ly o omes. Triton X-100, a potent liver and epi-
dermal lysosomal labilizer, does not produce blistering on human skin. Cantharidin, 
a potent vesicant and liver lysosomallabilizer, does not labilize rat epidermallysosomes. 
Thus, the hypothesis that blistering can result from primary labilization of epidermal 
lysosomes cannot be supported by experimental evidence from these studies. 
apsaJCm ( trans-/1-methyl-N -vanillyl-6-non-
enamide) is a compound present in various 
sp -cies of Capsicum (chili) and produces a 
burning sensation when applied to the tongue 
in concentrations less than 10-' M (I). It was 
isolated over ninety year ago by Thresh and 
synth siz d by elson and awson (2). In 1 7 
( ) it was r ported that the burning ensation 
produc d by an alcohohc extract of Capsicum 
anuum dropped upon the ·kin was a ociated 
with erythema. 
ubmucou fiurosi , a condition a ociated 
with chancre in the connective tissue of the 
n.L tr and pillar of the fauces, is observed in 
India wher a high intake of chili occurs ( 4). 
Hi torie of recurrent oral vesicle formation 
w r found in 13% of one serie of 104 cas s (5). 
Light and electron micro copic changes in the 
onnectiv t issue have b en produced in palates 
of experimental animal painted locally with 
a p aicin (2). The e change con i t of increased 
amount of fibers in the dermis which tain with 
rb . ti ti~s u stains. 
The e tudies were undertaken to determine 
if th' action of cap aicin was related to ly-
o omal labilization and to compare its effect 
with two other lysosomal labilizers, cantharidin 
and Triton X-100, on epidermal ly osomes and 
a a e ican t on human O'labrous skin. 
R ceived Augu t 1, 1969 ; accept d for publica-
tion p mb r 26. 1969. 
Th tudi w re support d in part by N a-
t iona! In t itu te of H alth Grant 1-T01-AM-
355 and AM-12062. 
*From th D partment of D rmatolog:v, M di-
cin nnd Bio h mi tr~r , M dical Colle e of Geor-
la uau ta. G orgia 30902. 
MATERIALS AND METHODS 
In these experiments synthetic capsa1cm 
(Fluka) was used. The capsaicin was recrystallized 
from petroleum ether. 
1. Preparation of liver lysosomes. Adult white 
rats (Wistar strain, Charles River Laboratories) 
were sacrificed by a blow to the base of the skull. 
The liYer was dissected free. weighed, and placed 
in ice cold 0.25 M sucrose. In most experiments, 
one liver was used. The livers were homogenized 
in a T eflon homogenizer chilled with ice. All 
centrifugations were done on a Servall RC-2 cen-
trifuge with an SS-34 ro tor at 5°. The liver homog-
enate was centrifuged at 2880 rpm for 10 min-
utes (10.000 g minutes) to remove unruptured 
cells and nuclear debris. The residue was dis-
carded and the supernate was centrifuged at 
14.400 rpm for 10 minute (250,000 g minutes) to 
obtain a crude lysosomal residue. The supernate 
\Yns di carded . the residue resuspended in cold 0.25 
M sucrose and centrifuged again at 14,400 rpm for 
10 minutes (250.000 g minutes). 
2. Preparation of epidermal lysosomes. Epi-
dermal ly osomes were prepared by stretch sep-
arating epidermis from rats according to the 
method of Rosett ( 6) . The same procedure was 
carried out for preparing epidermal lysosomes as 
for liver lysosomes except that the crude prepara-
tion of l~·sosome from epidermis was prepared 
by centrifuging at 17,000 rpm for 86 minutes 
(3.000 .000 0' minutes ) as this results in a higher 
yield. 
3. Preparation of free liver enzymes. Free ly-
osomal enzymes were prepared from the liver by 
takinO' a lysosomal preparation and suspending 
i t in distilled water at 25° for one hour after 
which it was centrifuged at 14 000 rpm for 10 
minu tes (250,000 g minutes) (7). 
4. Preparation of free epidermal lysosomal en-
zyme . The e were prepared by onication using 
a Branson onifier (Ultrasonic Devices Heat Sys-
tem Company) model S-125. Epidermal lysosomal 
preparations were made (vide supra) and oni-
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cated at a power setting of 8 for 4 minutes and 7 
for 5 minutes with a tube containing the lysosomal 
preparation at 5°. Controls included non-sonicated 
lysosomal preparations with and without 0.1 % 
Triton X-H){). 
5. Lysosomal labilization experiments. Recrys-
tallized synthetic capsaicin was solubilized in 
95% ethanol. Aliquots of 0.9 ml of liver and epi-
dermal lysosomal preparations were mixed with 
0.1 ml of either 0.25 M sucrose, 95% ethanol, 10-\ 
10-2, 10-3 M capsaicin in 95% ethanol or 1% Triton 
X-100. Following mixture these suspensions were 
incubated at 25° for 30 minutes after which they 
were centrifuged at the same force at which they 
were harvested and supernates assayed for acid 
phosphatase at pH 5.4, 37° for 30 minutes using 
phenolphthalein diphosphate (Sigma) as a sub-
strate (8). The optical density of the samples 
was read at 530 nm against blanks containing all 
reagents at zero time incubation. Standards con-
tained 5-20 /J-g phenolphthalein. Results were ex-
pressed in relationship to 1:1000 Triton X-100 with 
this being taken to represent 100% labilization of 
enzymes. {3-Glucuronidase was assayed by modi-
fication of the method of Fishman, et al. (9) at 
pH 4.5 using phenolphthalein mono-{3-glucuronic 
acid (Sigma) as a substrate. Optical density was 
read at 540 nm and the results expressed as for 
the acid phosphatase. To study possible effects of 
capsaicin on free enzymes, concentrations of cap-
saicin and Triton X-100 as listed above were in-
cubated with free liver enzymes and free epidermal 
enzymes prepared by sonication. 
N -acetyl-{3-glucosaminidase was assayed by the 
method of Wollen, et al. (10) using p-nitrophenyl 
N -acetyl-{3-n-glucosaminide (Pierce ) a a sub-
strate. Results were expressed as for acid phos-
phatase. Cantharidin, a liver lysosomal labilizer 
(11) was also studied. Concentrations of 10-1- 10--l 
M cantharidin (Inland Alkaloid. Inc.) were dis-
solved in acetone and mixed with epidermal ly-
sosomal preparations as for capsaicin using .25 M 
ucrose and acetone as control . 
6. Clinical studies. P atch tests were done with 
Triton X-100 and capsaicin . even Caucasian male 
,·olunteers ages 24-39 ~·ears were patch tested to 
0.1 ml of 0.1 , 1, 10, and 100% Triton X-100 and 
10-1 • 10-2 and 10-3 :'.I capsaicin in 95 % ethanol. 
RESULT 
Capsaicin labilized liver lysosomes in concen-
trations as low as w-3 M (Table I) but had no 
effect on free {3-glucuronidase or N -acetyl 
glucosaminidase (Table II). Cap aicin 10-2 M 
and possibly 10-3 M concentrations appeared to 
inhibit free liver acid phosphatase. Since hy-
potonic solutions have no labilizing effect on 
epidermal lysosomes (12) sonication was used 
to prepare free epidermal lyso omal enzymes. 
Sonication at a power setting of 7 for 5 minutes 
TABLE I 
Acid phosphatase and beta glucuronidase releas 
from liver lysosomes with capsaicin in 
9. 5% ethanol 
ucrose control 
9.5 ethanol control 
10- 2 M capsaicin 
1Q- 3 M capsaicin 
10- 4 M capsaicin 
0 . 1% Triton X-100 
Acid 
phos-
phatase 
1 
6 
1 
49 
8 
100 
Beta- N-acetyl-
glucu- {J D-g~u: 
ronidase cosanuru-dase 
3 2 
17 25 
96 
9 95 
29 2 
100 100 
Triton X-100 expressed as lOO o/c Iabilization. 
Each figure represents an average of three sep-
arate experiments . 
TABLE II 
Effects of capsaicin on f ree liver enzyme 
Acid Beta N-acetyl-
phos- glucu- {J n-glu-
phatase ronidase cosamini-dase 
ucrose control 92 105 100 
9. 5% ethanol control 110 106 97 
10- 2 M capsaicin 67 97 99 
10- 3 M capsaicin 8 97 90 
1Q-4 M capsaicin 101 93 91 
0.1% Triton X-100 100 100 100 
Triton X-100 expressed as 100% Jabiliz ation. 
Each figure represents an average of three ex-
periments . 
released 35 to 45% more lysosomal enzyme 
than sucrose controls and was more efficient 
than a setting of 8 for 4 minutes. 
Capsaicin in final concentrations of 10-2-
10-4 M had no effect on rat epidermal lysosomal 
acid phosphatase or free enzyme (Table III). 
Both {3-glucuronidase and N -acetyl glucosamini-
dase from rat epidermal lysosomal preparations 
were increased over controls, but a smaller 
increase was noted in free enzyme levels. an-
tharidin in final concentrations of 10-2 M-10-5 M 
did not labilize acid phosphatase from rat epi-
dermally osomal preparationf'. 
Triton X-100 in concentrations between 0.1-
100% produced no sensation, erythema or bbs-
tering after topical patch testing for 24 hours 
on normal human volunteers. Capsaicin 10-1 M 
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TABLE III 
Effects of capsaicin on free and bound rat epidermal 
acid phosphatase 
Epidermal Epidermal 
lysosomes free enzyme 
, ucro ·e control 11 99 
9. 5 0 ethanol control 9 106 
10- 2 M capsaicin 9 107 
10- a M capsaicin 9 103 
10- 4 M capsaicin 93 
0 . 1% Triton X-100 100 100 
Triton X-100 expressed as 100% labilization. 
Each figure represents an average of three experi-
ments. 
produced erythema and a burning sensation in 
all seven subjects. The onset of burning was 
instantaneous up to 3 minutes with erythema 
noted after 5 minutes and lasting up to 3 hours. 
Erythema was produced with 10-2 M capsaicin 
in 6 of the 7 subjects and a burning sensation 
occurred in 5 of the 7 subjects. Only 1 of the 
7 subj cts developed erythema and burning 
sen ation with 10-3 M capsaicin applied to gla-
brous skin. No wheals or blisters w re observed. 
DISCU SIO 
In addition to the burning sensation and 
rythcma which follows topical application of 
cap aicin, intravenous injection of the druO' into 
clorr produces a drop in blood pressure. It also 
increa es salivary secretion and ga tric mobility 
(13). In cats intravenous injection produces 
npnea and a fall in blood pressure and heart 
rat which could be prevented by sectioning 
th Y~wu nerve (14). The drug contracts guinea 
pig il um, but has no effect on isolated rat 
u 1 cru or the blood vessels of the perfused rab-
bit ar. Pretreatment with cap aicin subcu-
Unr u ly inhibits but doe not supress the rise 
in cortico terone level produc d by subsequent 
iujection of capsaicin (15). The effect of 
up aicin on liver ly o ome and possibly lyso-
om of oth r or nns may relate to certain of 
it pharmacologic action . 
Labilization of liver ly osome in vitro by 
apsaicin, as indicat d by increased amounts of 
fr e (i.e. relea d from s dimentable lysosomal 
pr parations) acid pho phatase, ,8-rrlucuronidase 
nnd rrlu o aminidase, was not p ralleled b sim-
ilar Jabilization of epid rmal ly o omal prepara-
tions. These data further extend available in-
formation on dissimilarities between liver and ep-
idermal lysosome~ in vitro, such as differential 
susceptibility to lysis by freeze thawing or os-
motic hypotonicity. Though slight increases in su-
pernatant activity of ,8-glucuronidase and gluco-
saminidase from in vitro exposure of epidermal 
lysosomes to capsaicin were noted, these in-
creases were negated by similar increases in 
activity of free enzyme preparations, a necessary 
control in all lysosomal experiments. 
Slight inhibition of free acid phosphatase 
from liver by capsaicin did not ob cure obvious 
labilization of liver lysosomes, in striking con-
trast to the lack of labilization of epidermal 
lysosomes. 
Thu., an agent which is known to labilize 
liver lysosomes has been demonstrated neither 
to nffect epidermal lyso ames nor cause blister-
ing in human skin. Obviously one cannot extrap-
olate information on lysosomes from one organ 
to another organ as has also been shown by 
Wei t::lsnwnn (16) to be theca e with amphotericin 
B :md liver and kidney lysosomes. 
Ly ~o omal particles are present in epidermis, 
and have been demon trated by histochemical 
(17, 1 ) , electron microscopic (19-21), and bi-
ochemical (12, 22, 23) methods. A number of 
observations have suggested that lysosomal 
la bilization might be related to blistering, 
namely, that many lysosomal labilizers produce 
blistering (e.g. heat, cold, trauma, ultraviolet, 
x-ray, and cantharidin) and certain stabilizers, 
particularly corticosteroids, are useful in the 
treatment of certain diseases. \Veissmann and 
Thomas (~4) have also shown that vesication 
in fetal rat skin O'rown in organ culture induced 
b~· ultraviolet light was inhibited in the pre ence 
of hydrocorti . one. However the obsen·ation 
' that a }JOtent epidermal lysosomal la hilizer 
uch as Triton X-100 does not produce blister-
ing when applied topically to the kin in man 
sugge ts that lysosomal labilization is not as-
ociated invariably with blistering. 
The lack of effect of cantharidin, a known 
blistering agent on epidermal ly o ames, plus 
the inability of Triton X-100 to produce clinical 
blistering, provide two examples of inability to 
relate blistering with ly osomal labilization. 
Hence, thin attractive hj pothesis i not >::up-
ported by the re ult of the e tudie . 
imilarly, freeze thawing and cantharidin 
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which produce blistering of human skin do not 
Jabilize acid phosphatase from epidermal lyso-
somal preparations. The lack of epidermal ly-
sosomallabilization by cantharidin has also been 
observed by Decker (25). Although loss of acid 
phosphatase in the epidermis after ultraviolet 
light (2, 11, 26, 27), photosensitization (2 ) , 
cantharidin application (29), and application of 
n, primary irritant or allergen (18) may repre-
sent evidence for the importance of lysosomal 
labilization in these processes, our findings sug-
gest that in certain instances lysosomal labiliza-
tion may represent a secondary rather than a 
primary alteration in the sense that the ex-
ternal agent may not cause direct labilization 
of lysosomes. 
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